Plant hemicelluloses are the second most abundant naturally occurring compounds, after cellulose (3) . They include the mannan-containing polysaccharides in seeds of leguminous plants and the gluco-and galactoglucomannans of coniferous woods (17, 23, 26) . Mannanases may be used for processing of coffee beans and other plant materials (8, 10, 22) . Bacterial species known to produce mannanases include a range of Bacillus species (6) , Aeromonas hydrophila (22) , Cellumonas sp. (11) , and Streptomyces olivochromogenes (21) . High mannanase activity was produced by Bacillus subtilis cultures containing locust bean gum (A. Araujo and 0. P. Ward, J. Appl. Bacteriol., in press). We have identified B. pumilus ATCC 72 as an efficient producer of mannanase activity.
The basal medium for enzyme production contained the following, in grams per liter: KH2PO4, 2; CaCl2 * 2H20, 0.3; MgSO4 7H20, 0.3; and trace metal solution, ml/liter (1). The pH of the medium was adjusted to 6.2. For fermentor cultivation, 5 g of locust bean gum, 2 g of NaNO3, 0.5 g of yeast extract (Difco Laboratories, Detroit, Mich.), and 20 ml of potato extract (12) were added per liter of basal medium.
Erlenmeyer flasks (250 ml), containing 50 ml of nutrient broth, were loop inoculated with B. pumilus ATCC 72 and incubated at 45°C on an orbital shaker set at 200 rpm for 12 to 14 h. This grown culture was diluted with distilled water to give an A600 reading of 1.0 in a spectrophotometer having a 1-cm light path. The diluted culture was used at 1.25 and 0.35% (vol/vol) to inoculate shake flasks and fermentors, respectively, for enzyme production studies.
Biomass was determined by measuring culture A600 and relating the values obtained to bacterial dry weights, using a standard curve. Mannanase was assayed by using galactomannan, purified from locust bean gum by the method of Halmer et al. (9) . The reaction mixture, containing 0.5 ml of 1% (wt/vol) galactomannan and 0.5 ml of enzyme in 0.1 M sodium acetate buffer, pH 5.8, was incubated at 50°C for 30 min, and reducing sugars produced were determined as mannose reducing equivalents by using the dinitrosalicyclic acid method of Miller (19) . ,-Mannosidase was determined as described previously (Arajuo and Ward, J. Appl. Bacteriol., in press ).
Protein content of culture supernatants was determined by the method of Lowry et al. (14) , with crystalline bovine serum albumin (Sigma Chemical Co., St. Louis, Mo.) as a reference standard. Protein eluted during column chromatography was monitored by A280 and estimated by assuming that 1 absorbance unit corresponded to 0.5 mg/ml. Enzyme carbohydrate content was determined by using the phenolsulfuric acid method (5). Molecular weights were determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (PAGE), using a series of molecular weight markers (phosphorylase b, 97,400; bovine serum albumin, 66,000; ovalbumin, 42,700; carbonic anhydrase, 31,000; soybean trysin inhibitor, 21,500; lysozyme, 14,400 [all from Bio-Rad Laboratories, Richmond, Calif.]).
The effect of carbon source on enzyme production was tested in 250-ml Erlenmeyer flasks (shaken at 45°C and 200 rpm) containing 80 ml of basal medium supplemented with 1 g of NaNO3 and 10 g of each carbon source per liter, except for locust bean gum, which was used at a level of 5 fraction was pooled and further purified by gel filtration through a Toyo pearl TSK HW 55 column to produce a protein peak which manifested homogeneity on PAGE electrophoresis (Fig. 1, A) . Purification of the gradient-eluted peak fraction (B) by gel filtration was unsuccessful. PAGE was carried out with a 7.5% gel concentration as described previously (2, 20) , followed by silver staining (18) . Fraction B was further purified by preparative PAGE electrophoresis, using a modified mini-protean II (Bio-Rad) apparatus. The thickness of the gel was 2.5 mm, and 1. with Tris-glycine buffer, pH 8.3, at a constant current of 15 mA at 5°C for 5 h. Gel slices, 2.5 mm thick, were broken by syringe passage. The single mannanase activity peak observed exhibited homogeneity on PAGE (Fig. 1, B) . A summary of the purification scheme is presented in Table 1 .
The pH activity profiles of enzyme components A and B determined in 0.05 M sodium citrate-0.1 M sodium phosphate buffer are presented in Fig. 2 . Components A and B had pH optima of 5.5 to 6.9 and 6.0, respectively. Temperature optima in a 30-min assay for components A and B were 65 and 70°C, respectively. From comparative thermostability studies (Fig. 3) On purification of B. subtilis mannanase by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, a single protein band (molecular weight, 37,000) was obtained (6, 15, 16) . A single mannanase component (molecular weight, 45,000) is also produced by Aspergillus niger (7, 24) and by Irpex lacteus (15) (molecular weight, 53,000), whereas Streptomyces sp. no. 17 mannanase was separated into four components (13) and Thielavia terrestris produced n-mannosidase and four mannanase components (molecular weights, 52,000, 30,000, 55,000, and 89,000) (A. Araujo and 0. P. Ward, J. Ind. Microbiol., in press). pH optima of B. pumilus mannanase components were similar to the pH optimum of 6.0 for the B. subtilis enzyme, whereas pH optima of fungal mannanases range from 3 to 5.5 (4) . Temperature optima for B. pumilus mannanase components A and B were higher than the optima observed for the enzymes from B. subtilis and A. niger (6, 25) . Mannanase component A exhibited similar thermostability to the four components produced by T. terrestris, whereas component B was more thermolabile.
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